Background: Data of epidemiological studies on the relation between coffee drinking and upper aerodigestive tract cancer risk are scattered and inconclusive. We therefore conducted systematic meta-analyses of observational studies published before October 2009.
introduction Tobacco smoking and alcohol drinking are the major risk factors for cancers of the oral cavity and pharynx (OP) and larynx, and esophageal squamous cell carcinoma (ESCC) [1, 2] . Tobacco, obesity and gastroesophageal reflux are the major risk factors for esophageal adenocarcinoma (EAC) in the absence of a role of alcohol [2] . Still a role of dietary factors for these cancers is probable, but not yet defined [3] .
Several epidemiological studies analyzed the relation between coffee intake and the risk of OP, laryngeal and esophageal cancers. Their results are however scattered and largely inconclusive [4] .
Because of the widespread consumption of coffee in several populations [5] , any relation with the risk of these neoplasms would have appreciable public health relevance. To provide overall quantitative estimates of such associations, we combined all published data on coffee, and head and neck and esophageal cancers using a meta-analytic approach.
materials and methods study identification and data extraction
We carried out a Medline search in PubMed of all case-control and cohort studies published up to October 2009 using the string '(coffee OR caffeine OR beverages OR diet OR drinking) AND (oral OR pharyngeal OR oropharyngeal OR oropharynx OR pharynx OR mouth OR hypopharyngeal OR hypopharynx OR laryngeal OR larynx OR head OR neck OR esophagus OR oesophagus OR esophageal OR oesophageal OR aerodigestive) AND (cancer OR carcinoma OR tumor OR neoplasm) AND risk', following the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines [6] and limiting the search to the English language. We selected the papers reporting data on the association between coffee consumption and risk of OP, laryngeal and esophageal cancer incidence, with no previous diagnosis of cancer at any site. Figure 1 gives the flowchart for selection of articles. We checked the reference list of all articles of interest to obtain other pertinent publications. We did not consider abstracts and unpublished results.
Papers were included if they provided a quantitative estimate of the association between coffee drinking and OP (or specific anatomical sites of OP cancer), laryngeal or esophageal cancer risk, expressed as relative risks (RR) or odds ratios (OR) and their 95% confidence intervals (CI) or information sufficient to calculate them. A total of 37 studies met those criteria. We excluded two studies that considered all upper aerodigestive tract neoplasms together [7, 8] and one study that considered coffee together with hot calvados [9] . A case-control study from Italy and Switzerland on laryngeal cancer that evaluated tea and coffee consumption together [10] was included, due to the limited tea consumption in those countries [11] . When two or more articles provided results from the same study, we included only the more updated one. With regard to esophageal cancer, we analyzed separately ESCC and EAC. For the meta-analyses on the association between coffee intake and OP cancer, laryngeal cancer and ESCC risk, we selected only studies reporting risk estimates adjusted at least for age, sex, smoking habit and alcohol consumption. For EAC, we included in the meta-analysis only studies providing RRs/ORs adjusted at least for age, sex, body mass index, and/or energy intake. When more than one risk estimate was reported, we used the one that adjusted for the largest number of potential confounding factors.
Some of the 17 papers selected reported data for more than one cancer anatomical site. Nine reports gave information for OP cancer, including a total of 2633 cases; three for laryngeal cancer, including 732 cases; seven for ESCC, including 2117 cases and three for EAC, including 415 cases.
statistical analysis
Given the heterogeneity between the categories of coffee consumption across studies, we pooled the risk estimates for the highest versus the lowest drinking categories from each study. For one study reporting the adjusted OR but not the corresponding 95% CI, we used the distribution of cases and controls to compute the standard error of the corresponding crude OR and then the approximate CI for the adjusted one [12] . For the study by Franceschi et al. [13] , presenting ORs for cancers of the tongue and mouth separately, with a common control group, we calculated the pooled risk estimate for OP cancer using the method proposed by Hamling et al. [14] , taking into account the lack of independence between the ORs. For a Greek study on ESCC and EAC reporting the adjusted OR for the increment of one cup of coffee per day, we calculated the OR and 95% CI for comparison of three versus zero cups per day [15] , according to the upper cut-off of two studies from southern Europe [12, 16] .
Summary measures were calculated using random-effects models that consider both within-and between-study variations [17] . We presented combined estimates using forest plots. In these graphs, a square was plotted for each study, whose center projection on the underlying scale corresponds to the study-specific RR and whose area is proportional to the inverse of the variance of the natural logarithm of the RR. A diamond was used to plot the summary RR, whose center represents the RR and the extremes the 95% CIs. Statistical heterogeneity among studies was assessed using the v 2 tests (results were defined as heterogeneous for P < 0.10) [18] and the inconsistence was quantified using the I 2 statistic [19] . We evaluated the presence of publication bias using funnel plots [20] and the Begg's and Egger's tests [21] .
results
The main characteristics of the studies included in the metaanalyses are summarized in Table 1 . For each study, we reported data on study design, country, length of follow-up (for cohort studies) or period of enrollment (for case-control studies), number of subjects (cases and controls or cohort size), the lowest and highest categories of drinking, and covariates included in the multivariate analysis. The P values for the As concern EAC, one case-control study was conducted in southern Europe [15] (56 cases), one in northern Europe [32] (185 cases), and one in North America [33] (174 cases). Figure 2 shows the RRs for the highest versus the lowest coffee drinking level, as categorized in each study, for OP review cancer (Figure 2A ), laryngeal cancer ( Figure 2B ), ESCC ( Figure  2C ), and EAC ( Figure 2D ). For OP cancer, nine RR estimates were below unity (significant in three studies) and two were above unity (nonsignificant), resulting in a summary RR of 0.64 (95% CI 0.51-0.80), with no significant heterogeneity across studies (P for heterogeneity = 0.149, I 2 = 31.3%). Considering only the studies with the upper cut-off of at least three cups per day [12, 16, 26, 27] , we found a pooled OR of [23] [24] [25] , without heterogeneity across strata (P for heterogeneity = 0.724). The summary RR for laryngeal cancer ( Figure 2B ) was 1.56 (95% CI 0.60-4.02), with heterogeneity across studies (P for heterogeneity = 0.036, I 2 = 70.0%). For ESCC (Figure 2C ), five RRs were below unity (significant in three studies) and two were above unity (significant in one study), resulting in a summary RR of 0.87 (95% CI 0.65-1.17), with significant heterogeneity across studies (P for heterogeneity = 0.001, I 2 = 74.6%). The summary RR for EAC ( Figure 2D ) was 1.18 (95% CI 0.81-1.71), without heterogeneity across studies (P for heterogeneity = 0.169, I 2 = 43.7%).
discussion
The present meta-analysis of all published data found a significant reduction in the risk of OP cancer of 35% in highest coffee drinkers as compared with lowest ones, while no relation of coffee drinking with laryngeal and esophageal cancer. An inverse association with OP cancer was found in a prospective study, based on a Japanese cohort [25] , and in six case-control studies [12, 13, 16, 23, 26, 27] . However, the small number of studies did not allow stratified analyses by study design (cohort versus case-control, hospital versus population based) or anatomical subsites of OP cancers. We also were unable to analyze coffee drinkers versus nondrinkers and the dose-risk relation for coffee consumption and OP cancer, given the lack of a noncoffee drinkers category in many original reports and the heterogeneity across studies in the categorization of coffee drinking. Moreover, the different categorization of coffee drinking across studies did not allow to quantitatively assess the relation of OP cancer risk with number of cups of coffee. However, a favorable effect of coffee at moderate/high doses is suggested by the protection of 35% observed for a consumption of three or more cups per day and by the apparently stronger inverse relation in studies conducted in Europe and America than in those conducted in Asia, where the prevalence of coffee drinking and the amount of coffee drunk is generally lower.
Although we excluded studies reporting risk estimates not adjusted for tobacco smoking and alcohol intake, which are correlated to coffee consumption [34, 35] and represent the major risk factors for OP and laryngeal cancers and ESCC, we cannot exclude residual confounding. Given the very strong association of these two risk factors with head and neck cancers [36] , most studies included in this meta-analysis had too few nonsmokers and nonalcohol drinkers for stratified analyses. Consequently, only a few studies considered the relation with coffee intake in strata of tobacco smoking and alcohol drinking. For at least one cup of coffee per day, a Japanese prospective study [25] found a RR for OP and esophageal cancers combined of 0.50 (95% CI 0.14-1.81) (based on 4 cases) for never smokers and 0.49 (95% CI 0.30-0.79) (based on 40 cases) for current smokers. It also found an RR of 0.43 (95% CI 0.13-1.41) (based on 5 cases) for never alcohol drinkers and 0.49 (95% CI 0.31-0.77) (based on 41 subjects) for current alcohol drinkers. A pooled analysis of nine case-control studies [37] found a slight stronger inverse association of OP cancer with coffee intake in heavy tobacco users (OR = 0.51, 95% CI 0.35-0.76 for more than four cups per day, based on 290 cases) than in never tobacco users (OR = 0.72, 95% CI 0.31-1.64, 69 cases), but similar ORs in never or light alcohol drinkers (OR = 0.59, 95% CI 0.42-0.85) and in heavy drinkers (OR = 0.61, 95% CI 0.42-0.85). Similarly, an Italian case-control study [16] found a stronger inverse association in smokers of ‡25 cigarettes per day, with ORs of 0.2 (95% CI 0.1-0.6) and 0.4 (95% CI 0.1-1.4) for at least three cups of coffee per day for OP and esophageal cancers, respectively; the ORs were similar in heavy and light alcohol drinkers. A slight inverse association in smokers was found also in an Indian case-control study of hypopharyngeal cancer [24] , which found an OR of 1.07 (95% CI 0.41-2.81) in never tobacco users and 0.81 (95% CI 0.39-1.66) in ever tobacco users, for the highest quartile of coffee consumption, based on 11 and 21 cases, respectively. Thus, a slightly stronger inverse association may exist in smokers, but it is difficult to quantify, given the low number of nonsmoking cases of OP and laryngeal cancers, and ESCC.
A support for a real inverse association of coffee intake with OP cancer comes from the lack of association of coffee with risk of laryngeal cancer and ESCC, which shares similar general risk factors with OP cancer, as well as from the absence of association with EAC. Studies included in these meta-analyses did not consider genetic variants associated with coffee drinking, such as CYP1A2, which is responsible for more than 95% of caffeine metabolism [38] . Thus, these genetic variants may be a further source of confounding.
Our meta-analyses have some limitations. First, recall and selection bias may be present in the original studies. Moreover, original studies did not provide information on the characteristics of coffee, such as cup size, type of coffee power (Robusta or Arabica) and brewing methods, which are responsible for the different concentrations of caffeine and other chemicals in the beverage [39] . The assessment of coffee intake was based on patients' self-reporting. However, recall of coffee drinking has been shown to be satisfactorily reproducible and valid [40] [41] [42] [43] . No information was available on human papillomavirus (HPV), which is related to OP cancer [44] . However, there is no reason to suppose that coffee consumption is associated to or modified by HPV infection.
The inverse association between coffee intake and OP cancer both in the cohort (RR = 0.35) and in case-control studies (pooled OR = 0.67) is against a major role of reverse causation, i.e. the reduction of coffee consumption by cases after the onset of symptoms of cancer.
There are no definite biological mechanisms of the potential favorable role of coffee on OP cancer [4] , thus there are still no explanations for the different effects of coffee on OP and laryngeal cancers. Coffee drinking has also been inversely related to liver cirrhosis [4] and liver cancer [45] , endometrial cancer [46] and colorectal cancer, the last at least in casecontrol studies [47] . The inverse association between coffee consumption and OP cancer can be related to the presence in the beverage of many chemicals with antioxidant and antimutagenic activities, whose concentration varies depending on type of coffee power (Arabica or Robusta), roasting and preparation [48] . In particular, coffee contains several phenolic compounds (such as chlorogenic, caffeic, ferulic and cumaric acids), melanoidins and diterpenes (such as cafestol and kahweol), which are shown to reduce genotoxicity of several carcinogens [48] .
In conclusion, the results of these meta-analyses provide additional evidence of a real inverse association with OP cancer but not with laryngeal and esophageal cancers. 
